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1.1. ???? ? 1 ? ??
   
   
        
          
      
        
        
            












































































































????????????????human-object interaction (HOI) ?????





















f0; : : : ;W ¡ 1g 3 Tx +m¾xi = Tx +m¾i¡ Nx ¡ 1
2
= ¹Tx +m¾i; (i = 0; : : : ; Nx ¡ 1) (2.1)
?????????????????????? (2.1)?????T ??????
?? ¹T ?????????????????????????????? (2.1)?
?????24 0
0
35 · ¹T =
24 ¹Tminx + p¢x
¹Tminy + q¢y
35 ·
24 W ¡ 1¡m¾Nx
H ¡ 1¡m¾Ny
35 ; ¹T =












x = m¾x^+ T (2.3)
h(t; i; j) =
m¾
R
g¾sin(x¡ T )!ang(6 J(x)¡ µt)!(x¡Txm¾ ¡ x^i)!(y¡Tm¾ ¡ y^i) jJ(x)jdx (2.4)
?????????????????????????????????????
???????????????




































¹Jt(x) = !ang(6 J(x)¡ µt) jJ(x)j (2.9)






















w(m)s(l +m) (l = 0; T; 2T : : : ) (2.11)
??????? l????????????????????????l???
?? T ????????????????????N ??????? sw(n)(n =
0; : : : ; N ¡ T )??? T ???????????????????????N ??
?????T ???????????????????????????w(n)??
???????? (? (2.12))?????? (? (2.13))?????????????
w(n) = 0:54¡ 0:46cos( 2n¼
N ¡ 1) (n = 0; : : : ; N ¡ 2) (2.12)
w(n) = 0:5¡ 0:5cos( 2n¼












2.2. MFCC ? 2 ? ??
? 2.2: ???????













Re[S 0 f(¡k)modNg] = Re[S 0(k)] (2.16)


















W (k; l)jS 0(k)j (l = 1; : : : ; L) (2.19)
W (k : l) =
8><>:
k¡klo(l)
kc(l)¡klo(l) klo · k · kc(l)
khi(l)¡k




kc(l) = khi(l ¡ 1) = klo(l + 1) (2.21)
????????????kc(l)??????????????????????
???

























2.3 Latent Dirichlet Allocation
LDA (Latent Dirichlet Allocation) ????????????????????
????????????????????????? 2.4??????????
11









?? LDA??????????????? V = fv1; : : : ; vMg???i????
?? l??? vj???????????????wil = vj???????????
?????i??????????????wi????????????????
???????????W = fw1; : : : ;wNg?????????????????
???????????? T = ft1; : : : ; tKg???i?????? l??????
???? tk??????????????zil = tk?????????????i
?????????????????????? zi?????????????




i = 1; : : : ; N????
PK
k=1 µik = 1????? k = 1; : : : ; K????
PM
j=1 Ákj = 1
???????????LDA????????????????? (?????
???? ® = (®1; : : : ; ®K))????????????????????????
????????????????? µ???????????? (??????
??? ¯ = (¯1; : : : ; ¯M))?????????????????????????
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2.4. Gibbs Sampling ? 2 ? ??
??????????????????????????Á??????????
???????????






2.3????? LDA???? Gibbs Sampling???????????????
?????????????????
P (w; z; µ; Áj®; ¯) = P (Áj¯)
NY
i=1




































































2.4. Gibbs Sampling ? 2 ? ??
????
???????????µ?Á???????
P (w; zj®; ¯) =
Z



























k (¡ (Nik) + ®k)

















??????P (zi0 = tk; wi0 = vjjw; z; ®; ¯)?????????????????
??????
P (zi0 = tk; wi0 = vjjw; z; ®; ¯)
=
Z
P (zi0 = tk; wi0 = vjjµ; Á)P (µ; Ájw; z; ®; ¯) dµdÁ
=
Z
P (zi0 = tkjµ)P (wi0 = vjjzi0 = tk; Á)P (µ; Ájw; z; ®; ¯) dµdÁ
=
Z
P (zi0 = tkjµ)P (wi0 = vjjzi0 = tk; Á) P (w; z; µ; Áj®; ¯)
P (w; zj®; ¯) dµdÁ
=
1
P (w; zj®; ¯)
Z
P (zi0 = tkjµ)P (wi0 = vjjzi0 = tk; Á)P (w; z; µ; Áj®; ¯) dµdÁ
(2.28)
? (2.28)?????P (zi0 = tkjµ)??? P (wi0 = vjjzi0 = tk; Á)????????
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2.4. Gibbs Sampling ? 2 ? ??
????????????? µik?Ákj???????????? (2.28)?
P (zi0 = tk; wi0 = vjjw; z; ®; ¯)
=
1









































































































¢ Njk + ¯j
N¢k +W¯j
(2.29)















2.4. Gibbs Sampling ? 2 ? ??








P (zil = tk; wil = vjjw¡il; z¡il; ®; ¯)
=
Nik ¡ 1 + ¢ (k 6= k0) + ®k
Ni¢ ¡ 1 + T®k ¢
Njk ¡ 1 + ¢ (k 6= k0) + ¯j




Gibbs Sampling?????????????? P (zil = tkjw; z¡il; ®; ¯)???
???????
P (zil = tkjw; z¡il; ®; ¯) = P (zil = tkjwil = vj;w¡il; z¡il; ®; ¯)
=
P (zil = tk; wil = vjjw¡il; z¡il; ®; ¯)
P (wil = vjjw¡il; z¡il; ®; ¯)
=
P (zil = tk; wil = vjjw¡il; z¡il; ®; ¯)PK
k0=1 P (zil = tk0 ; wil = vjjw¡il; z¡il; ®; ¯)
(2.33)
???????????????? (2.33)?????? k????????
P (zil = tkjw; z¡il; ®; ¯) / P (zil = tk; wil = vjjw¡il; z¡il; ®; ¯) (2.34)
???????????????????
P (zil = tkjw; z¡il; ®; ¯)
/ Nik ¡ 1 + ¢ (k 6= k
0) + ®k
Ni¢ ¡ 1 + T®k ¢
Njk ¡ 1 + ¢ (k 6= k0) + ¯j
N¢k ¡ 1 + ¢ (k 6= k0) +W¯j (2.35)
??????????
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2.5. ???????????? ? 2 ? ??
(a) (b)



































LDA???? (? 2.4)???????? i?????wi???????????
??? z????????????????? 2.3?????????
P (W;Z; µ; Áj®; ¯) = P (Áj¯)
NY
i=1















2.7. ???????????????? ? 2 ? ??
Objects  

























2.8. ??????????? ? 2 ? ??
K




















2.8. ??????????? ? 2 ? ??
? 2.9: ??????????? (???CCD?????????????????
CCD???? 3??????????????)




















???????? 3????? 3??????????? 50?????????
22


















? 2.10: (a)???????FFT??? (b)????????FFT??? (c)??
?????MFCC??? (d)????????MFCC??







?????? 2.11???????????????????? 2.11? 50????
???????????? 6???????????????
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p (t) = atan¡1 (b (t+ c)) + d (2.37)
????p(t)??? t???????????????????????????
??????? 2.13(b)??????????????????????????
?? (a; b; c; d)??? 4????????????????????????a?
????????????????b????????????????????
??????????????????c?????????????d? a??
???????????? 2?????????(a; b)? 2???????????



























zmil = kjWm;Z¡mil; ®; ¯m




















































































????? z??????????????? µ???? C ?????????
?????? µCz ????????m?????????????????? ¯mzC
?????? ®; ®C ; Ám?????????????????????????
µ » Dir(®) (3.1)
µCz » Dir(®C) (3.2)
¯mzC » Dir(Ám) (3.3)
???? i?????wmi ???????????????????
1. ?????? z? µ???????????????????
z » Mult(µ) (3.4)
2. ????????? zC ? µCz ???????????????????
zC » Mult(µCz ) (3.5)
29






? 3.1: ?? LDA
Nk
? 3.2: ??????????
3. ??C???wmi ? ¯mzC ???????????????????




? ®??????????? µ????????????Xk = (x1;x2; ¢ ¢ ¢ ;xn)?
???
?????????Xk = (x1;x2; ¢ ¢ ¢ ;xn)????k?????????????
















3.2. ??????? ? 3 ? ????
? d????????











































???.?????? ®k = ®0 +
PN
n xn??????? 3.10?????













?????? k???????????Xk = (x1;x2; ¢ ¢ ¢ ;xn)???????
??? x0??????????????





















x0i=j = 1, x
0
i 6=j = 0????????? 3.12??










3.2. ??????? ? 3 ? ????
????????????????????????? x¡(x) = ¡(x+ 1)???






i Ni?????®ki = ®0i +Nki??????






???????????????®00 = ®01 = ¢ ¢ ¢ == ®0d?????
P (x0jXk; ®0) = ®0 +Nkj













































































? 3.3: ?????? LDA??????????
?????????wm????? zC???????????NzCwm?????
Wm????? zC ??????????????NzC ????
? (3.17)?(3.18), (3.19)3??????z,zC ,wm???????????
P
¡
















3.3. ????????? LDA ? 3 ? ????
??wp?????wwM ??????????????? zP ??????? zc?
????wwP ?????????? zU ????ws???wy?????wwU ?
??????
??????????????????? z???C 2 fO;M;P; Ug?????
zC???????????????????????m 2 fv; a; h; wO; p; wM; c;










P (zjmijZ¡jmi)P (zCjmijzjmi;Z¡jmi;ZC¡jmi)P (wmji jzCjmi;ZC¡jmi;Wm¡ji) (3.21)
???????????????????????






























zC 2 fzO; zM ; zP ; zUg????????????????




P (zjZ¡jmi)P (zCjmijZ¡jmi;ZC¡jmi; z)
£ P (wmji jWm¡ji;ZC¡jmi; zCjmi): (3.25)
???????????????????????? (3.24)??????????
(3.24)??????????? z??????? zC ??????????




P (zjmijZ¡jmi)P (zC jZ¡jmi;ZC¡jmi; zjmi)






















3.3. ????????? LDA ? 3 ? ????
Algorithm 1 Multi-layered MLDA (bottom-layer)
1: for all i; j; C;m do
2: uÃ draw from Uniform [0,1]
3: for k Ã 1 to KC do
4: P [k]Ã P [k ¡ 1]+
5: P (zCjmi = kjwmji ;Wm¡ji;ZC¡jmi;Z¡jmi)
6: end for
7: for k Ã 1 to KC do
8: if u < P [k]=P [KC ] then




Algorithm 2 Multi-layered MLDA (whole layer)
1: for all i; j; C;m do
2: for k Ã 1 to K do
3: P [k]Ã P [k ¡ 1]+
4: P (zjmi = kjwmji ;Wm¡ji;ZC¡jmi;Z¡jmi)
5: end for
6: uÃ draw from Uniform [0,1]
7: for k Ã 1 to K do
8: if u < P [k]=P [K] then
9: zjmi = k, break
10: end if
11: end for
12: for k Ã 1 to KC do
13: P [k]Ã P [k ¡ 1]+
14: P (zCjmi = kjwmji ;Wm¡ji;ZC¡jmi;Z¡jmi)
15: end for
16: uÃ draw from Uniform [0,1]
17: for k Ã 1 to KC do
18: if u < P [k]=P [KC ] then





















P (z)P (zCjz)P (zC jwmC ) (3.29)























































































z^O » P ¡zO j wv;wa;wh¢ (3.31)
2. ???????????????????? z^O????????????
38
3.6. ???????????? ? 3 ? ????
?????????
P (z^M jz^O) =
Z X
z
P (z^M jz)P (zjµ)P (µjz^O)dµ
(3.32)
































P (W;Kji) log P (W;Kji)
P (W ji)P (Kji) (3.33)
























3.7. ???? ? 3 ? ????
Algorithm 3 Sentence Generation
1: iÃ 1; C0 = \BOS 00
2: for i do
3: Ci Ã draw from P (CijCi¡1)




7: wi = argmaxww P (w
wjwm; Ci)

































































































































































































































































??????? (Multimodal Hierarchical Dirichlet Process: MHDP) [24] ???
44
4.2. ???? ? 4 ? ??
? 4.1: ??????????????????????????????? ID?
?? ?? ?? ?? ?? ?? ?? ??
????? (1) ?? (13) ????? (4) ?? (1,2,3,4) ?? (8) ????? (2) ???? (2) ???? (3)
??????(17) ????? (9) ??? (32) ?? (3,4)
??????? (21) ?? (10) ??? (7) ???? (1)
????????? (25) ??? (8)
????? (23) ? (5) ?? (2,4) ??? (32) ?? (3,4)
????? (2) ????? (2) ???? (2) ?? (3,4) ????????? (25) ????? (4)
???? (29) ???? (11) ??????? (6) ???? (2) ?? (1,3)
??? (31) ???? (12) ?????? (10) ?? (1,2,3,4)
???? (3) ????? (12) ????? (4) ?? (1,2,3,4) ???? (20)
??????(17) ?????????? (3) ????? (4) ???? (1)
?????? (18) ?????? (13) ??????(27) ???? (3)
????????? (25) ?????? (14) ?????? (14) ????? (4) ?? (1,2,3,4)
?? (13) ?? (15)
??????(27) ??? (16)
??????? (21) ????? (15) ????? (9) ?? (6) ?? (1,2)
???? (19) ???? (2) ???? (24) ? (5) ???? (2)
?????? (4) ?????(28) ??????(17) ????? (4) ?? (1,2,3,4)
?????????? (3) ????? (4) ???? (1) ?????? (18)
???? (5) ???? (4) ???? (3) ?? (16) ??? (11) ??? (1)
??? (5) ?? (17) ????? (23) ? (5) ???? (2)
????? (6) ???? (1) ???? (2) ?? (3,4) ?? (18) ? (30) ?? (1) ?? (1,2,3,4)
???? (29) ????? (19) ???? (19) ???? (2)




????? (23) ? (5) ???? (2)









??? 100????100???????????? 4.5? 100?????????
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5 6 1 2 3 4 5 6
















































1 2 3 4 1 2 3 4




? 4.8?????????????????????? (? 4.7(a))???????


















??????????????? 21?????? \???? (3)"???? \??
? (?)(17)"??\?????? (18)"?\????????? (25)"?? 1????
?????????????\?????"??????????????????








??????? 3?8? 19???\????? (16)"?????????????
??????????????????? 3???\? (5)"? \???? (24)"?
????\??????"???????????????????? 8???\?
? (6)"? \????? (9)"????????? 19???\????? (4)"?\??
???? (18)"? \??????(17)"???????????????
50
4.2. ???? ? 4 ? ??
? 4.3: mMLDA?????????????
No ?? ?? ?? ?? No ?? ?? ?? ??
1 ????? ????? ? ???? 18 ?????? ?????? ????? ??
?? ???
2 ????? ????? ???? ?? ??
??? 19 ????? ?????? ????? ??
3 ????? ???? ? ???? ??????
4 ????? ???? ???? ?? 20 ???? ????? ????? ??
5 ???? ?????? ???? ?? 21 ???? ?????? ????? ??
???? ??????
6 ???? ??????? ???? ???? ??????
7 ???? ???? ???? ???? ???
??? 22 ?????? ????? ???? ??
8 ????? ????? ?? ?? 23 ????? ??? ???? ??
9 ?????? ?????????? ????? ???? ??
10 ???? ?????????? ????? ???? 24 ?? ????? ???? ??
11 ????? ???? ???? ?? 25 ???? ??????? ????? ??
????? ??????
12 ?? ? ?? ?? ??
13 ??? ???? ???? ??
14 ?? ??? ????? ???? 26 ???? ???? ???? ??
15 ????? ?? ????? ?? 27 ?? ??? ???? ????
??????? ???
????????? 28 ????? ?????? ????? ??
?????? ???
????? ? ??????
16 ?? ??????? ????? ?? 29 ??? ???? ? ????
17 ???? ??????? ???? ??? 30 ?????? ?????? ???? ????









4.2. ???? ? 4 ? ??
???????????????????? zO??????? zM???????
zP???????? zU ????????????P (zO; zM ; zP ; zU)??????
??????????????? P^ (zO; zM ; zP ; zU)??? 4.1?????????
?????????????????????????




????NzO;zM ;zP ;zU ?????????????? zO??????? zM???
???? zP???????? zU ?????????????? 4.1??????
?????????N ??????????????mMLDA????????
????????? P (zO; zM ; zP ; zU)???????????????
P (zO; zM ; zP ; zU) =
X
z
P (zOjz)P (zM jz)P (zP jz)P (zU jz)P (zj®) (4.3)














P (zO; zM ; zP ; zU) log
P (zO; zM ; zP ; zU)










???????????????? P (zO; zM ; zP ; zU)????????????
?? P^ (zO; zM ; zP ; zU)??KL?????????????? 4.10??????
??????????????KL?????????????????????
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4.3. ?????????? ? 4 ? ??



































4.3. ?????????? ? 4 ? ??
? 4.4: ?????????
No ?? ?? ?? ?? No ?? ?? ?? ??
1 ????? ???? ???? ??? 16 ????? ?????? ????? ???
2 ????? ????? ???? ??? 17 ???? ?????? ????? ????
3 ?????? ?????????? ????? ???? 18 ???? ???? ???? ???
4 ???? ???? ???? ???? 19 ????? ??????? ????? ????
5 ???? ??? ???? ???? 20 ??? ???? ???? ????
6 ???? ??????? ???? ???? 21 ????? ????? ???? ???
7 ??????? ??? ???? ???? 22 ????? ???? ? ????
8 ??????? ??? ???? ???? 23 ????? ????????? ????? ????
9 ????? ????? ?? ???? 24 ??? ???? ? ????
10 ???? ?????? ???? ???? 25 ???? ?????? ????? ???
11 ?? ??? ????? ???? 26 ?????? ????? ???? ???
12 ????? ?? ????? ???? 27 ????? ???? ???? ???
13 ????? ?????? ????? ???? 28 ?? ? ?? ????
14 ?????? ?? ????? ??? 29 ????? ??? ???? ???
15 ????? ??? ????? ??? 30 ????? ??? ???? ???
? 4.5: ??????????
?????? mMLDA ?????
?? ?? ?? ?? ?? ?? ?? ??
?????? - 76.67% 80.00% 73.33% - 66.67% 70.00% 70.00%
?? 86.67% - 80.00% 90.00% 76.67% - 73.33% 80.00%
?? 76.67% 76.67% - 100% 70.00% 76.67% - 90.00%










4.3. ?????????? ? 4 ? ??
? 4.6: ?????????????????????????????????
???????
?? ?? ?? ??
????? (1) ??????(17) ????? (4) ??? (3)
???? (3) ??????(17) ????? (4) ???? (2)
???? (3) ??????(17) ????? (4) ??? (3)
????? (6) ??????(17) ????? (4) ???? (1)
????? (6) ??????(17) ????? (4) ???? (2)
????? (15) ??????(17) ????? (4) ??? (3)




? zP ??????? zU ????????? 4.11??\??? (?)(17)"????
????????????????????????????????????
P (zM jwv;wa;wh)?P (zP jwv;wa;wh)? P (zU jwv;wa;wh)????
mMLDA??????????????? (? 4.11(a))?????? \?????
(1)"? \???? (3)"???????????????????????????






???mMLDA??????????????? (? 4.11(b))?????? \?
???? (4)"????????????????????????? (? 4.11(e))
?????? \???? (3)"????????????????????????
???????????? 4.6???????????????????????
?????mMLDA??????????? (? 4.11(c)?? 4.11(f))??????
55
4.4. ???????????? ? 4 ? ??
(a) (b)









































































































































































?? ?? ?? ?? ??
???? ??? ???? ??? ??
???? ?? ????? ??? ??
??? ?? ???? ? ???
?????? ??? ?? ? ??












4.5. ???????????? ? 4 ? ??
? 4.8: ???????????????
? ?? ?? ?? ?? ?? ???
??? 91 48 6 4 32 181
































































































































































































No ?? ?? ?? ??
1 ??? ????? ? ?
2 ????? ??? ???? ???
3 ??????? ?????? ????? ?
4 ?????? ????? ???? ???








4.6. ?????????? ? 4 ? ??
? 4.10: ??????????
No ???????
1 f ?????????????????????? g
2 f ???????????? g
3 f ????????????????????????g
4 f ????????????????? g
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